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A  DISCUSSION  OF  THE  TECHNICAL  AND  ECONOMIC  CONDITIONS 
OF  THE  MUNICIPAL  WATER  AND  LIGHT  PLANT 
OF  THE  CITY  OF  METROPOLIS,/  ILLINOIS. 

r- 

INTRODUCTION. 

Metropolis,,    Illinois,     the  County  Seat  of  Massac 
County,,  is  located  on  the  Ohio  river,  forty  miles  above  its; 
union  with  the  Mississippi..    The    population    is  about  five 
thousand.     The  industries  are  mostly  wood- working,,  which' 
require    but  little  skilled  labor,,    and  for    this  reason^ 
wages  have  remainedlow.  In  1892  a  municipal  water  and  light 

plant  was  built,  primarily  to  furnish  the  city  with  water 
at  a  minimum  cost.  This  plant  has  since  been  in  continuous 

operations- 

This  paper  will  discuss  the  technical  and  economic 
conditions  of  this  plant  as  it  is  today,  and  will  ende avoir 
to  show  what  may  be  accomplished  in  a  plant  of  this  type  by 
the  more  careful  consideration  of  the      equipment    to  be 
installed. 

First  will  be  given  a  briedt  description"   of  the1 
present  property  and  operating  conditions.      This  will  be: 
followed  by  suggestions    as    to  possible  changes  that  may 
improve  the  economies.     A  section  will  then  be  devoted  to 
the  first  costs,  present  values  and  sale  values,,      and  to 
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the  first  costs  of  the  suggested  changes*-   A  fourth:  section 
will  deal  with  the  operating  costs  under  present  and  proposed 
conditions,:  and  a  final  section  will  be  a  review  outlining 
the  most  economic  conditions. 


DESCRIPTION  OF  PRESENT  PROPERTY  AND  OPERATING  CONDITIONS. 

SUGGESTED  CHANGES . 

Description  of  Present  Property. 

The  present  building  is  the  result  of  the  original 
and  two  additions.  The  original  building  consisted  of  a  main 
room,  housing  boilers  and  electrical  equipment;  and  a  pump 
pit,  in  which  were  located  the  city  pumps.  The  floor  of  the 
main  room  and  the  windows  of  the  pump  pit  were  above  the 
high  water  mark  of  1885.  As  the  electrical  output  grew, 
it  became  necessary  to  build  the  present  boiler  room,  the 
floor  of  which  is  on  the  level  of  the  main  room  floor.  In 
1906  a  deep  well"  was  driven  and  the  river  supply  abandoned, 
at  which  time  the  present  pump  room  was  built,  with  its 
floor  five  feet  below  the  level  of  the  floor  of  the  main 
room;     and  the  old  pump  pit  was  converted  into  a  reservoir. 

There  are  three  boilers  of  150  H.P.-  rating  each. 
Two  are  of  Springfield  make,,  of  the  internally  fired  type; 
while  the  third  is  an  Atlas  H»R«T«  The  former  have  a  grate 
surface  of  standard  area,  but  only  about  2/3rds  the  heating 
surface  of  an  H.R.T.  of  an  equivalent  rating.  The  dimensions 
of  the  Atlas  agree  with  those  of  standard  practice The 
boilers  are  connected  to  a  10M  header  through  automatic  stop 
and  check  valves,     the  latter  at  the  header*  The  two 

Springfield  boilers    are  connected    to  the    original  brick 
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stack,,  which  has  an  area  3^-  ft.  square  and  is  50  ft.  high.- 
The  Atlas  has  a  metal  stack  34"  in  diameter    and        60  ft. 
high*-    The  feedwater  heater  is  of  the  open  type    and  is  of 

ample  3ize.  There  are  three  feed  pumps;,  one  a  simplex  pump 
located  on  the  boiler-room  floor,,  while  the  other  two-  are 
of  the  duplex  type,,  located  on  the  pump-room  floor. 

The  steam  electric  equipment  consists  of  two^  units,, 
the  larger  an  18*X42"  Lane  &  Bodley  engine,      to    which  is 

belted  a  270  K.V.A.-,  3  phase,  60  cycle,,  2300  volt  Westinghouse 
alternator,  with  belted  exciter.     The  smaller  unit  is  a 

15,rX  13"  Ideal  automatic  engine,,  to  which  is  direct  connected 
a  100  K.V.A..,.  3  phase,  60  cycle,,  2300  volt,  West inghouse 
alternator,,  with  direct  connected  exciter* 

The  switchboard  is  of  standard  design,,      but  all 
instruments  are  of  the  series  type*         The  bus  bars  and 
disconnecting  switches    are  supported  above    and  behind  the 
board  upon  pipe  frames. 

Two  constant  current  regulators  are  used  to  supply 

power  for  street  lighting  purposes.     One  is  a  12  K*V.*A. Wood's 

6.6  ampere  regulator,,  and  the  other  a  10  K.V.A.-, 6.6  ampere- 

General  Electric  regulator* 

There  are  two  pressure  pumps,  ona  a  X£>    X  10^ "X  18* 

2  0 

McGowair  Tandem  Compound  Duplex,,  and  the  other  a  14"X  8i"X  10" 
Deane  Duplex.-    The  former  is  outside  center  packed,r  while? 
the  latter  is  indide  packed.      Two  102"X  12 "X  14"  Tngersoll 
Rand  straight  line  air  compressors  furnish  the  compressed  air 
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for  the  air-lift  system  of  raising  water  from  the  well*-  This 
well  is  125  ft.  deep,,   and  consists  cf  an  outer  8M  casing 
inside  of  and  concentric  with  which  is  a  6"  casing.-  The  air 
is  forced  down  between  the  two  and  elevates  the  water  through 
the  inner  pipe*.    The  water    then  flows    by  gravity    to  the 
reservoir. 

Operating  Conditions* 

The  objection  to  the  present  site  is  the  fact  that 

it  is  so  low  and  is  frequently  inundated* The  plant  is  located 

immediately  between  the  tracks  of  the  Illinois  Central  and  tie 
Burlington  Railways,,  and  is  now    connected    with     the  former,. 

which    makes  it    possible  to  receive     coal  into  the  building- 
direct  from  the  cars*    The    building  is  inconvenient  and  of 
very  light  construction* 

Under  normal  operating  conditions  the  crow  consists 
of  four  men,,,  two  of  whom    perform  service  in  the  generating- 
room,,  pump-room  and  boiler-room;-    one    whose    duties  are; 
confined  exclusively  to  the  boiler-room;      and    the  fourtHfc,. 

whose  duties  are  confined  to  the  generating  and  pump  rooms* 
In  the  boiler-roonr  the  coal  is  stored  in  a  pit  in  front  of 
the  boilers,,  and, as  the  quantity  of  coal  consumed    does  noU 
justify  the  installation  of  coal -handling  machinery,,  the  coal 

is  passed  by  hand,,  as  a  result  of  whicBE  the  entire  building: 
is  very  dirty,,  duo  to  its  light  construction*    The  following 

tabulation,,  based  upon  the  average  coal  consumed,,  the  amount 
of  water  delivered  to  the  boilers,,  and  a  loss  of  2$  due  to 
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filling  dead  boilers,     blow-offs, :  and  other  uses  for  hot 

water  about  the  building,,    shows     the  performance  of  the 
present  boiler  installation. 

TABLE  T. 

Average: coal  consumed  each  24  hours,;  8.3  tons 

Average  coal  consumed  each  hour,  692  lbs 

Average  water  delivered  to  heater  laach  24  hours,  105480  lbs 

Average  water  delivered  to  heater  each  hour,;  4395  lbs 

Average  gauge  pressure,,  105  lbs 

Average  feed-water  temperature,  175  °F. 

Average  evaporation  per  H.P.,  32  lbs 

Losses  in  feed-water,  2  $ 

Average  evaporation  per  hour,,  4307  lbs 

Average  H.P.  developed,  134  HP. 

Average  pounds  of  coal  per  H.P.,:  5*17  lbs 

Average  pounds  of  water  evaporated  per  lb .of  coal  6.22  lbs 


The  coal  used  throughout  the  period  covered  by  these 
data  was  from  the  Carterville  District  and  shows  the  following 
analysis  from  a  composite  of  vein  samples  taken  from  the  C&E 
mine  by  a  representative  of  the  U.S •Geological  Survey. 


COAL  (As  received) 


COAL  (Moisture  free) 


Moisture 

8.65 

Volatile 

matter 

30.59 

33.49 

Fixed  carbon 

53.17 

58.20 

Ash 

7.59 

8.31 

100.00 

100.00 

Hydrogen 

5.64 

5.12 

Carbon- 

68.60 

75.10 

Nitrogen- 

1.53 

1.67 

Oxygen 

15.39 

8.43 

Sulphur 

1.25 

1.3-7 

Ash 

7.59 

8.31 

100.00 

100.00 

BVT.U.-fr 

12195 

13351 

while  the  average  load  upon  the  boilers  has  been  shown 
to  be  about  134  H.P.^  the  normal  peak  is  approximately  225  H.P»>; 
and  may  in  the  case  of  a  fire,,  when  an  additional  amount  of 
water  at  a,  higher  pressure  is  to  be  pumped,,  reach  as  much  as 
260  H.P* 

Consideration  of  the  electrical  equipment  discloses 
that  under  normal  conditions  the  smaller  unit  is  operated  20  of 
©very  24  hours,  and  the  larger  unit  the  remaining  4. 

The  following  tabulation  calculated  from  indicator 

cards  taken  at  the  various  loads  as  shown,  gives  a  comparison  of 

the  two  units  in  pounds  of  steam  per  hour,.,    pounds  of  steam  per 

H.P.,and  pounds  of  steam  per  K.U.      Correction  has  been  made 

for  radiation  and  condensation  losses* 

TABLE  II. 
LANE  &  BOEELEY  ENGINE 

Load  K.W.:    H»P««;     Lbs  of  steam  per  hour:    Lbs  steam       Lbs  steam 

Per  I.H.P.      Per  K.W. 

0.  50.  2670.  53.4   

40.  120.  3840.  32.0  96.0 

70.  150.  3900.  26.0  55.7 

117.  201  .  4422.  22.0  3T.8 

IDEAL  ENGINE 

0.  15.5       

40.  66.0  1861.  28.2  46.5 

70.  113.0  2940.  26.1  42.0 

83.  133.0  3503.  26.4  42.2 

The  electrical  output  is  based  upon  calculations  of 
readings  taken  throughout  the  past  year.        The  following 
tabulation  shows  the  number  of  hours  per  day  operated    at  the 
various  loads;     the  output  in  K.W.H.j     the  steam  consumption 
per  K.W.H.;     and  the  total  steam  consumed  daily  and  annually. 


TABLE  III,  . 

Hours  per  day:  Load:      Output:  Steam  per  K.W.E.:  Total 

8     (Ideal)  40  K.W.        320  46.5  14880 

7          "  54                 378  42.1  15914 

3          "  65                 195  41.9  8171 

2          "  83                 166  42.2  7005 

2     (L  &  B)  102                 204  39.1  7976 

2          ■  117                 254  37.5  8475 

Total  daily,  1497  K.W.K.  62421  lbs 

Total  annually, 546405      "  22783665  " 

It  is  to  be  noted  that  for  loads  of  70  K.W»,  or  less 
that  the  Ideal  unit  is  the  more  economical ,  but  that  for  loads 
in  excess  of  this  the  Lane  &  Bodley  unit  shows  the  better 
economy. 

As  both  exciters  are  of  modern  interpole  design,  and 
operate  under  such  comparatively  small  load  and  with  so  little 
attention, .  what  little    difference     there    might    be     in  the 
efficiency  of  these  machines  as  compared  with  others  would  not 
justify  the  consideration  of  a  change. 

The  series  type  instruments  on  the  switchboard  expose 
the  attendants  to  unnecessary  danger. 

The  constant  current  regulators  are  operated  upon  an 

all  night  schedule  with  a  total  of  4000  hours  per  year.  The 
total  input  to  the  two  regulators  has  averaged  15  K.W.,  for  the 
past  year,  which    gives  a  total  of  60,000  K.W.H.,  per  year. 

Of  the  pumping  equipment,     the  Deane  is  used  only  in 

emergency,   the  McGowaA performing  practically  all  of  the  duty. 

The  estimated  number  of  water  H.P.H.,per  year  are  obtained  from 


(a)  This  pump  is  in  excellent  condition, and  while  it  is  at  this 
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pump  counter  readings,  as  follows:: 


TABLE    IV ; 


Average  gal •, pumped  per  day 
Average  head,, 

W *H«P ».  9  Gal.-  PQr  minute  X  head , 


400,000  Gal. 
135  ft. 


3960 


  sr  9.5  W.H.P., 

3960 

Total  W.  H.P.., ;  per  year  ar  83220.  W.I.P. 


At  65  lbs  of  steam  per  W.E.P.-,,the  steam  delivered  to  the  pump 


is  617.5  lbs  per  hous,  a  total  of  5,409,300  lbs  per  year. 


small  per  cent  of  its  rating,  the  suction  is  connected  direct 
to  the  well  through  a  6"  pipe,  and  the  air  compressors  and 


the  supply  from  the  reservoir,   one  of  the  air  compressors  must 
lye  operated.  The  number  of  compressor  hours  is  shown  in  the 
following  tabulation  and  all  comparisons  will  be  made  on  this 


time  impossible  to  equip  it  for  a  definite  test,,    the  steam 
consumption  is  not  far  from  the  builders*  rating,;  namely  65  lbs 
of  water  per  water  H.P«. 


(b)  While  this  tabulation  would  show  an  average     of  270  cu.ft., 
of  water  per  minute there  are  times  during    the  summer  months 
when  the  pump  has  been  required  to  deliver  as  much  as  925  G.PJl/I 
for  a  period  covering  three  hours, :  which  imposes  an  overload  in 
excess  of  30/o  and  requires  an  operation  at  a  dangerous  speed. 

(c)  As  the  level  of  the  water  in  the  well  normally  stands  at  13 
ft., And  falls  to  approximately  20  ft.,  below  the  ground  level, 

when  being  pumped,,  it  is  necessary  to  take  the  supply  for  this 
pump  through,  its  10*  suction"  from  the  reservoir  when  the  demand 
exceeds  approximately  400  G.P.M* 


Throughout  the  time  when  the  pump  is  operating  at  a 


reservoir  are  not  in  servic 


£«)Yi(hen  it  becomes  necessary  to  take 


basis  •> 
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TABLE    V . 

4  months  per  year  compressor  averages      8  hours    p@r  month. 

A         *•  ■  ■  n  n  90         W  tl  fl 

a        w  «         n  »»  •«  360       "  tt  tt 

The  total  number  of  hours  which  the  compressor  operated  during 
the  year  was  1832* 

The  efficiency  of  the  air  compressors  is  below  normal 
because  the  discharge  pipe  has  been  reduced  at  the  compressors 
to  2M,  and  from  the  receiver  to  l^-".    The  steam  consumption  of 

each  compressor  is  45  lbs  per  I«H#P»,and  the  rating  at  150  R.P.M. 
when  operating  against  45  lb3  air  pressure >,  is  40    I •E.'P*- 

The  well  has  proven  capable  of  delivering    625  G.P.M., 
continuously and  has  indicated  that  it  would  be  able  to  deliver 

as  much  as  900  G.P.M*- 

The  reservoir,,    which  was  the  old  pump  pit,,  is  35  ft.,, 
deep  by  20  f t square ,  .  and  while  it  has  a  capacity  of  104,000,. 
gal.,,  its  area  is  so  small  that  the  suction  head  rapidly  in- 
creases to  a  point  where  the  pump  will  not  give  satisfactory 
service.    Tijhen  the  water  falls  to  a  point  12  ft.,  below  the 
pump,,  when  operating  at  or  near  its  rated  capacity, the  operation 

becomes  very  unsatisfactory,  thus  rendering  the  bottom  18  ft.,, 
comparatively  useless. 
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Suggested  Changes* 

As  the  present  location  is  frequently  inundated,,  it 
is  advisable  either    to  re-locate  the  plant  at  a  point  above- 
all  possible  high  water,,  or  to  protect  the  present  location  with 
an  adequate  levee The  consideration  of  a  new  building, designed 
along  modern  lines,   is  suggested*- 

In  the  boiler-room  it  is  impossible  with  the  present 
arrangement,   (because  of  the  lack  of  room),   to  build  a  wall  to 
confine  the  coal  storage  and  the  dirt  from  handling  coal.  For 
this  reason  it  is  suggested)  that  a  platform  be  built  outside 

the  building,  and  equipped  with  track  and  cars  to  handle  the 

coal  to  the  furnaces  •- 

As  Table  T  has  shown  that  the  evaporation  per  pound 

of  coal  with  the  present  installation  is  only  6.22, ,  it  will  be 

(a) 

well  to  consider  the  installation  of  boilers  of  higher  rating* 
The  Babcock  &  Wilcox  Co., show  in  a  report  of  a  teat 

on  a  200  H.P., Stirling  operating  at  60$  load,,  an  evaporation  of 
10  lbs, of  water  per  lb. of  coal,  with  a  coal'  of  11600  B*T*U» 

(a)  A  rate  of  evaporation  of  6.22  compares  favorably  with  most 
installations  of  this  size  ,  where  the  boilers  are  operated  at 
the  comparatively  small  load  factor  that  those  are*  Therefore , 
it  is  not  advisable  to  consider  merely  the  replacing  of  these 
boilers  with  others  of  the  same  size*  Boilers  of  200  H*.  P*-, 
capacity  will  be  considered,;  it  being  assumed  that  one  boiler 
of  this  rating  will  be  sufficient  to  meet  the  demand  placed 
upon  it  at  any  one  time*    The  load  factor  upon  this  boiler 
would  be  increased  because  of  the  fact  that  under  the  present 
system  it  is  necessary  to  carry  a  total  of  300  H •?•>-, rating  upon 
the  line  at  all  times,,    while  with  the  installation  of  two 
200  H*P»-rStirling  boilers  a  rating  of  only  200  H*P*.  would  be 
carried*-    Stirling  boilers  are  recommended  because  of  the  fact 
that  they  may  be  steamed  rapidly  and  are  capable  of  carrying 
large  overloads* 


From  the  foregoing  it  can  be  assumed  that  it  would  be 
possible  to  obtain  an  evaporation  of  8  lbs  of  water  per  pound 
of  coal  with  a  Stirling  installation  in  this  plant.  Based  upon 
this  figure,   the  coal  consumed  would  be  538.4  lbs  per  hour,  or 
6.46  tons  per  24  hours,     a  saving  of  1.84  tons  per  24  hours,  or 
672  tons  per  year. 

prom  Table  II     the  ratio  of  H.P.,   to  K.W. ,     of  the 
Lane  &  Bodley  engine  is  shown  to  be  2,:and  the  corresponding 
ratio  for  the  Ideal  is  1 .6  .  Based  upon  these  figures,     it  is 
evident  that  the  losses  due  to  the  belt  and  the  oversize  of  the 

alternator  of  the  Lane  &  Bodley  engine  are  responsible    for  a 

loss  of  approximately  20$.-  This,  and  the  relatively  low  rate  of 
steam  consumption,   justify  the  consideration  of  the  installation 

of  a  direct  connected  alternator  to  this  engine.  Based  upon  the 

present  number  of  hours  per  day  operated,     this  would  show  a 

saving  of  3290  lbs  of  steam  per  day. 

From  a  standpoint  of  safety  the  switchboard  should  be 
rebuilt  and  equipped  with  instruments  of  the  transformer  type. 

The  McGowan  pump  is  sometimes  required  to  operate  at 
a  dangerous  speed,  and  for  this  reason  it  is  well  to  consider 
the  installation  of  larger  and  more  economical  pumps.  The 
builders'  rating  on  a  2,000,000  gal  • , centrifugaia^>ump  is  1.7 
K.W.,per  W.H.P., which  is  equivalent  to  a  steam  consumption  of 

(a)  As  the  operating  conditions  of  this  plant  require  a  minirrum 
pressure  with  a  minimum  output,  and  a  maximum  pressure  with  a 
maximum  output,   three  centrifugal  pumps  would  be  required;  one 
for  fire  purposes  only,  and  two  for  domestic  purposes.  The  two 

domestic  pumps  should  be  motor  driven,  while  the  fire  pump 
should  be  steam  driven. 
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82-§-  lbs.  pe"r  W.H.P», wh on  motor  and  generator  efficiencies  are 
(a) 

considered.  This  shows  an  increase  of  17-jr  lbs.  of  steam  per 
hour  over  the  present  installation,  or  153300  lbs.  per  year» 

As  in  the  case  of  the  pumps,,  there  are  times  when  the 
air  compressors  in  connection  with  the  airlift  system  are  notr 
capable  of  pumping  sufficient  water  to  meet  the  demand.-For  this 
reason  the  installation  of  a  centrifugal  pump  of  900  G.P«M»  wiU. 
be  compared  with  the  operation  of  the  present  compressors.*  The 
builders  give  an  electrical  H.P.  input  to  a  motor  -  driven  cen- 
trifugal of  900  G.P.M.  capacity  when  delivering  600  G.P.M*.  from 
the  well  to  the  reservoir  of  8.9  H.P».    This  pump  would  have  to 
be  located  in  a  pit  at  the  well. 

As  previously  stated,:  a  reservoir  covering  consider- 
able area  should  be  built,,  in  order  that  there  may  be  a  supply 
of  water  available  for  several  hours  should  the  demand  exceed 

the  amount  that  can  be  pumped  from  the  well. 


(a)    As  the  installation  of  wither  a  vertical  triplex  pump  or  a 
Corliss  type  would  require  the  enlargement  of  the  present  pump- 
room  or  the  building  of  a  new  one*,  it  is  self-evident-,  that  the 
slightly  higher  rating  of  either  of  these  types  of  pump  would 
not  justify  their  consideration. 
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III  -- 


VALUATION  OF  PRESENT  PROPERTY* 


COSTS  OF  SUGGES 


TED  CHANGES. 


In  this  section  are  presented  the  first  cos ts , present 


values  and  sale  values  of  the  presort  property,  and  the  esti- 
mated costs  of  the  suggested  changes.-    The  first    costs  have 
been  obtained  from  records  of  the  Water  &  Light  Department  , 
wherever  possible.     These  records,  however,  have  been  very 
meager,,,  and  it  has  been  -necessary  to  obtain  some  of  the  figures- 
from  the  manufacturers  of  the  various  units;  some    have  been 
estimated  fromthe  formulae  of  Prof.  A.A.Potter;     and  others 
from  the  practical  experience  of  the  writer.- 


individual  piece  of  apparatus  as  now  in  service  in  this  plant. 

Some  of  these  figures  are  near  those  which  would  be  obtained  by 
applying  the  customary  depreciation  charge;  while  some,  being 

based  uron-  the  service  which  they  perform,,  show  values  approx- 
imating their  original  cost.      The  sale  values  are  based  upon 

the  personal  experience  of  the  writer  in  this  locality,,  and,, 
except  as  otherwise  noted,,  they  are  given  for  the  various  units 
as  though  sold  individually  and  allowance  has  been  made  fot  the 

cost  of  removing  and  loading  on  cars  at  this  point,   i.e.,,  they 
are  the  prices  which  the  units  should  bring  at  the  present  tire. 
The  costs  of  the  suggested  changes  are  obtained  from  quotations 


by  manufacturers  and  from  prices  prevailing  in  this  community, 
(a)  The  costs  of  labor  and  some  materials  are  given  extremely 
low  as  compared  with  other  localities.  The  customary  wage  for 
day  labor  is  from $1. 25  to  &L.50  for  a  ten-hour  day.  A  local 
brickyard  and  lumber  mills  furn i sh  materials  at  low  prices. 


The  present  values  are  based  upon  the  value  of  the 
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Table  VI  shows  the  first  costs, ,  present  values  and 
sale  values  of  the  various  items  combined  in  this  plant. 

TABLE  VI. 


First 

Present 

Sale 

costs  1 
$    200.  ' 

values ; 

values ; 

Land, 

%  1000. 

$  800. 

Building, 

5000. 

4000. 

1500. (b) 

Atlas  boiler, 

1250. 

600. 

50. (c) 

Twa  Springfield  boilers, 

3200. 

2000. 

1000. 

Breeching  for  Springfield  boilers, 

100. 

50. 

30. (d) 

Heater, 

200. 

150... 

100. 

Steam  pipe, 

750. 

750. 

150. (e) 

Small  pipe, 

150. 

110. 

25. (e) 

T?V  n  nil  C*    i        'Y"\    i  v> 

iijXllciU  S  Xr  pxpo,, 

«J  \J  V  f  ' 

250. 

?5 . (a ^ 

Cameron  "duetd . . 

\S              1  W  A              -L          Ks  Will           J  J 

50. 

15. 

5. 

Dean  pump,. 

58. 

50. 

35. 

Blake  si  ey  pump,, 

60. 

40. 

25. 

Brick  stack, 

300. 

200. 

0.(f) 

Metal  stack,, 

120. 

50. 

20. 

Lane  &  Bodley  engine,  > 

3000. 

24751^^ 

600. 

Westinghouse  generator,  270  K.V.A.' 

,  3400. 

2000. 

Ideal  unit,. 

3500  • 

3000. 

2500. 

Wood's  Constant  Current  Regulator, 

3-05. 

240. 

150. 

General  Electric  ditto, 

274. 

270. 

140. 

Switching  arrangement,, 

75. 

75. 

10. (e) 

McGowan  pump, 

2000. 

800. 

500. 

Deane  pump,, 

800. 

500. 

10. (h) 

Ingersoll  Rand  air  compressor, 

1500. 

800. 

500. 

Receiver, 

25. 

20. 

10. 

Air  line 

20. 

5. 

o.(i) 

(a)  Based  upon  the  price  of  a  larger  tract  of  which  this  was  a 
part.-  Permanent  improvements  in  the  immediate  vicinity,  and 
increased  land  values  locally,  justifies  the  value  now  given. 

(b)  The  building  could  not  be  adapted  to  any  particular  industry, 
and  is  located  below  the  high  water  mark.  Hence  the  low  value. 

(c)  This  figure  is  low  because  of  the  age  of  the  boiler  and  the 
abuse  to  which  it  has  been  subjected. 

(d)  If  sold  in  connection  with  the  Springfield  boilers. 

e)  Given  low,,  because  designed  especially  for  this  plant. 

f )  Salvage  value  less  than  cost  of  removal. 

(g)  Based  upon  a  generator  of  suitable  siza  for  direct  connection 
to  the  Lane  and  Bodley  engine. 

(h)  Obsolete  t y p e •  • 

(i)  ImpossibTe  to  remove . 
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Table  VII  shows  the  cost  of  the  suggested  changes.  The 
various  figures  include  all  foundation  and  erection  costs. 

TABLE  VII. 


Land, 

$  2000. 

flnc-t.   of   T*PTTiova.l  . 

8100. 

"Ri i  IT  r"1  Inc. 

7000  • 

T.QWpQ  i 

J-j w  v  ) 

1200. 

Two  ?,00  F.P.  RtirT  ine*  boJlpr^. 

6100. 

f!n?i1    *nl  a  t  *PnT*m  . 

175. 

Two        r*<3   ^nrl    tT*f3  fik  - 

120. 

Filling  of  present  coal  pit  and  flooring  of  sam-3, 

50. 

New  shaft  and  wheel  for  Lane  &  Bodley  engine,. 

900. (b) 

Generator, .  to  be  direct  connected,, 

3650. 

Changing  of  switchboard; 

250. 

Centrifugal  domestic  pump„  reservoir  to  mains » 

700. 

Centrifugal  fire  pump,; 

1200. 

Pipe  for  either  of  above  centrifugal  pumps,, 

125. 

Centrifugal  pump,,    well  to  reservoir,. 

527. 

Pipe  for  above  pump  , 

50. 

Pit  for  centrifugal  pump,   (well  to  reservoir),, 

190.  (c.) 

Reservoir,,  with  pipes, 

1650. 

(a)  The  cost  of  removal  includes  the  building  of  a  duplicate 
transmission  line  from  the  nev;  site  considered  to  the  present 
property;     the  cost  of  adapting  the  present  building    to  the 
installation  of  remote  control  electrically  driven  pumps;  the 
cost  of  these  pumps;     and  the  cost  of  moving  such  of  the  present 
equipment  as  might  be  used  in  the  new  location. 

(b)  This  shaft  and  wheel  would  be  required  for  the  installation 
of  a  direct  connected  generator. 

(c)  As  the  level  of  the  water  in  the  well  will  fall  to  about 
20  ft., when  pumping  900  G.P.M.T  it  would  be  necessary  to  place 
this  pump  about  15  ft., below  the  ground  level  for  satisfactory 
operation. 
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—  IV  — 

OPERATING  COSTS  UNDER  PRESENT  AND  PROPOSED  CONDITIONS. 


The  data  compiled  in  this  section  covers  the  operating 
costs  of  the  present  property,,  each  department  being  considered 
separately;   i.e., the  boiler-room,   the  generating-room,  and  the 
pump-room.   ;  In  the  consideration    of  the  fixed  costs,  a  propor- 
tionate part  of  the  investment  in  the  building  has  been  charged 
directly  to  the  department  under  consideration.-  As  the  property 
was  originally  financed  at  6^„  this  figure  is  used  throughout,,, 
instead  of  the  customary  4$  for  municipal  bonds.  Depreciation 
has  been  charged  at  the  customary  rates  as  used  by  the  N.E.L.A* 
Insurance  charges  are  based  upon  a  rate  of  $1.30  per  hundred,, 
the  rate  now  in  force,:    with  the  exception  that  in  the  consider- 
ation of  a  new  building  a  rate  of  approximately  80  cents  has 

been  estimated..       The  labor  charge  is  based  upon  the  scale  of 
wages  now  in  force,,  and  has  been  apportioned  to  the  various 

00 

departments • 

(a)  The  Water  &  Light  Department  of  the  City  of  Metropolis,  has 
not  followed  a  form  of  classification  of  accounts,,    and  no 
attempt  has  ever  been  made  to  separate  operating  from  con- 
struction accounts.  For  this  reason,   the  data  in  this  section 
has  been  compiled,  largely  from  the  personal  memoranda  of  the 
writer,  and  from  tests  made  for  this  paper. 

(b)  The  total  wages,   including  that  for  superintendence's  $3950. 
per  year.-     Of  this  amount,  $600., is  for  boiler-room  service 
exclusively,,  and  must  be  charged  to  that  department.     Of  the 

remaining  $3350.,, it  would  be  proper  to  divide  it  as  follows :;  

bo iler-room, ,  $1000;:    electric  service,  $1675;     pumping  service, 
$675;  making  the  respective  totals  $1600, ,    $1675,.    and  $675. 


18 


Table  VII  has  shown  that  a  new  location  would  involve 
an  investment  of  $2000., for  the  land;,  and  $8100., for  a  trans- 
mission line,,  adapting  the  prosent  building,  .pumps  and  other 

(a)  ~ 
changes,  all  of  which  would  bear  the  67b  interest  charge.  The 

transmission  line  must  carry  a  depreciation  charge  of  5$,  as 

would  the  pumps;     while  that  portion  expended  upon  the  building 

charges  would  carry  a  charge  of  2^;  making,,  with  the  insurance,, 

a  total  charge  of  $900*      As  the  reason  for  considering  a  new 

location  was  that  the  plant  should  be  removed,  from  the  floods 

of  the  Ohio,     this  charge  of  $900., must  bo  compared  with  a 

charge  covering  the  investment  required  to  provide  adequate 

protection  to  the  present  location*     A  dirt    levee  will  provide 

this  protection,  and  the  cost  of  the  same  would  be  $1200*  Such 

a  levee  would  carry  a  depreciation  charge  of  only  2$  as  it  would 
not  be  in  service  except  during  the  extremely  high  stages  of  the 

river.  This  would,   therefore, .  make  the  total  charge ■ 8$    on  the 
$1200.,.  or  $96., per  year.^     There  is  a  difference  of  $804.,  in 
the  twof  annual  charges,.,  either  of  which  would  be  fixed  for  the 

life  of  the  plant;     and  the  former  would  be  followed  by  many 

other  costs  incident  to  the  moving,,  which  might  not    be  found 

necessary  should  the  prosent  location  be  retained, 
(a)  Should  a  new  site  be  selected,:  it  would  be  advisable  to 
retain  the  use  of  the  present  well  because  of  its  exceptional 
qualities  and  the  uncertainty  in  drilling  another*.    In  order  to 

retain  the  use  of  the  well  it  would  be  necessary  to  install] 
electrically  driven  pumps  in  a  portion  of  the  prosent  building, 
and  to  build  a  duplicate  transmission  line  from  the  new  plant, 
for  remote  control   of  the  pumps.- 
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As  a  choice  of  a  site  at  this  time  will:  eliminate  much 

further  discussion,  it  is  here;  stated  that  the  above  shows  that 
it  is  advisable  to  build  the  levee  and  retain  the  present  site* 

A  new  building  has  been  shown  to  have  an  estimated 
first  cost  of  $7000 •-, and  as  it  would  be  of  concrete  and  brick, 
the  depreciation  charge  would  be  2<fo»     Assuming  that  a  portion 
of  the  present  building  would  be  razed  and  that     its  salvage 
value  would  be  $1000., an  interest  charge  should  be  made  upoir 
$3000., which  is  the  present  value  of  the  building  less  the 

salvage*     This  would  make  a  total  interest  charge  on  the  build- 
ing of  $600., per  year;     a  depreciation  charge  of  $140;  and  an 
insurance  charge  of  $60;     or  a  total  charge  of  $800. , annually • 
The  corresponding  charge  upon  the  present  building 

must  be  based  upon  a  depreciation  of         because  of  its  light 
construction  and  the  wood  floor  and  roof.-    This  would  make  a 
total  charge  on  the  $5000. , invested  of  $490., per  year.  To  this 
there  should  be  added  an  annual  charge  of  $100., to  cover  damage 
ta  equipment  in  the  present  building,   (due  to  its  light  con- 
struction)which  makes  a  total  charge  of  $590. „annually* 

In  discussing  operating  costs,,  it  is  proper  first  to 
arrive  at  the  cost  of  making  steam  and  to  base  the  cost  of  oper- 
ating the  various  units  upon  this  cost*-    The  comparisons  of  the 
present  equipment  with  that  proposed  will  be  made  on  this  basis. 

The  changes  proposed  in  the  boiler  room    were  the 
substitution  of  two  200  H.P»  Stirling  boilers  for  the  three  now 

in  service;  and  the  building  of  a  coal  platform  outside  of  the 
building,  equipped  with  track  and  cars  for  handling  coal  to  the 
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furnaces ••  The  boiler-room  costs  under  present  and  proposed  con- 
ditions are  tabulated  below* 

TABLE  VIII. 


Service 
Tools 

Feedwater  treatment 
Coal 

Water  (raw") 

Repairs 

Interest 

Insurance 

Depreciation 


Cost,    per  pound  steam, 
Per  B.H.P.-, 


Present. 
$  1600. 
50. 

100. 
4758. 

100. 

163. 

489. 

105. 

408. 


Proposed. 
$  1200. 
50. 
100. 
3671. 
100. 
1 96  . 
588. 
125. 
489. 


Total , 


7773. 


6519. 


.0207  cents  .0175  cents 
.662      "  .560  * 


The  change  proposed  in  the  generating  room  was  that  a 
direct  connected  alternator  be  attached  to  the  Lane  &  Bodley 

engine,,  and  it  was  shown  that  this  change  would  effect  an  economy 
of  about  3290  lbs., of  steam  per  day  under  the  present  operating 
conditions.  The  electric  costs  under  present  and  proposed  con- 
ditions are  given  as  follows :- 

TABLE    IX . 


Present. 

Proposed. 

Service 

$  1675. 

$  1675. 

Tools,   oil  and  supplies 

300. 

300. 

Steam 

471 6. 

4469. 

Repairs 

235. 

218. 

Interest 

705. 

858. 

Depreciation- 

590. 

546. 

Insurance 

150. 

186. 

Total,,        $  8371. 

$  8252. 

Cost,  per  K.W.H.,.. 


1.532  cents      1.508  cents 


No  change  in  the  constant  current  regulators  was 
proposed,  and  the  cost  of  power  for  street  lighting  purposes 
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is  shown  in  Table  X,  as  follows.- 

TABLE  X* 

Power,;  $ 

yoo» 

Repairs , 

1 U. 

Interest,, 

30. 

Depreciation, 

oO. 

Insurance , 

7  • 

Total  f 

977. 

Cost  per  K.W.H.,.  . 

  1.628  cents. 

The  suggested,  chaneres  in  the 

"D urn "D— room  were     that  a 

steam  driven  centrifugal  fire  pump  and 

two  motor  driven  centri- 

fugal  domestic  pumps  be  substituted  for  the  McGowan  and  Dean© 

pumps;    and  that  a  motor  driven  centrifugal  pump  be  installed 

in  a  pit  at  the  well  to  replace  the  air  compressors.  The 

present  pump-room  costs  are  based  upon 

the  operation    of  the 

McGowan  pump  and  the  air  compressors,; 

no  estimate  being  made  of 

the  small  time  covered  by  the  Deane.  In  the  calculation  of  the 

costs  of  steam,  allowances  have  been  m 

ad©  for  electric  efficien- 

cies  where  motor  driven  units  are  contemplated.  Table  XI  gives 

the  pressure  pump  costs  under  present 

and  proposed  conditions. 

TABLE    XI . 

Present.  Proposed. 

Service , 

$      675.     #  675. 

Tools  &  supplies,. 

200.  100. 

ETteam 

1136.  1000. 

Repairs , 

38 .               41 . 

Interest,, 

228.  246. 

Depreciation,. 

190.  205. 

Insurance , 

49.  53. 

Total , 

$    2516.     $  2320. 

Per  1000  gal.-„ 

$  -0181       $  .0168 

In  Tables  XII    and  XIII  are 

shown  the  operating 

expense  of  the  present  air  compressors 

as  compared    with  a 

motor  driven  centrifugal  pump^dV  900  G .P.M*, capacity,,  delivering 
only  625  G.P.M*-,,  i'.e.,,  the  capacity  of  the  compressors. 

TABLE  XII. 

Air  Compressors. 

Steam,,  $  663. 

Y/ater,,  10. 

Repairs  and  oil,,  31. 

Interest,,  93. 

Depreciation,,  77. 

Insurance,  20. 

Total ,.  $  894. 

TABLE  Xlir 
Motor  Driven  Centrifugal  Pump. 

Power,  $  182. 

Repairs,,  36. 

Interest,.  108. 

Depreciation,.  90. 

Insurance,  25. 

Total,  $  439- 

In  a  previous  section  it  was  mentioned    that  the 
installation  of  a  4"  air  lino  from  the  compressors  to  the  well 

would  increase  the  efficiency  of  the  compressors.  This  amount 
would  be  less  than  2^,  which  would  reduce  the  annual  cost  only 
about  $1  ]»,  and  it  cannot  be  definitely  stated  that  this  will 
increase  the  flow. 

The  reservoir  would  involve  an  investment  of  $1650., 
which  mild  bear  a  total  annual  charge  of  8$„  or  $132.,  and  it 

cannot  be  said  that  it  will  decrease  any  operating  expense. 

(a)  In  order  to  arrive  at  the  fixed  cost  of  this  pump,,    it  is 
necessary  to  base  the  charges  upon  the  unit  which  it  would  be 
advisable  to  install.    However,  for  the  sakie  of  comparison,:  the 
variable  changes  must  be  based  upon  625  G.P.M.,the  maximum 
delivery  of  the  compressors. 


r 
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Table  XIV  tabulates  for  reference  the  data  compiled 
In  this  section. 

TABLE  XIV. 


Annual  Operating  Costs. 

Present.  Proposed.-     Effect  of  Proposed  Change. 

Decrease.  Increase. 

Site                   $      120..             $5      900.            $   $  780. 

Levee                                                   96.    96. 

Building                   590.                     800.    210. 

Boilers  7773.  6519.  1254.   

Steam  Electric      8371.  8252.  119.   

C.  C.  Regulators  977.       

Pressure  pumps      2516.  2320.  196.   

Wall  pumps  894.  439-  455.   

Reservoir                                            132.    132. 


L 
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--  V  — 

A  REVIEW  OF  THE  CONDITIONS    FROM  A  TECHNICAL 
AND  ECONOMIC  STANDPOINT. 

The  previous  sections  have  outlined  the  conditions 
and  costs  of  the  present  property,,  offered  suggestions  for 
changes  in  the  equipment,;  and  shown  the  probable  costs  of  each 

change  proposed.  This  section  will  discuss  the  merits    of  the 

suggestions,,  recommend  the  best  installation    and  summarize  the 

conditions  that  may  be  expected. 

It  has  been  stated  that  it  is  advisable  to  retain  the 
present  location,,  and  the  building  of  a  levee  was  suggested.  It 
was  shown  that  this  levee  would  cost  $1200., which  would  carry  a 
fixed  charge  of  $96.  The  first  cost  of  this  levee  is  less  than 
the  cost  of  temporarily  protecting  the  building  during  the 
flood  of  1913.  As  it  is  impossible  to  prophesy  when  or  how 
often  these  floods  may  occur,  it  is  advisable  to  build  the  levee* 

Since  the  present  location  is  to  be  retained,.-    it  is 
possible  to  continue  the  use  of  the  present  building.  A  new  one, 

however,  having  been  suggested", :  will  be  compared  with  the  pres- 
ent one.    The  respective  annual  charges  on  the  present  and 

proposed  buildings  have  been  given  at  $590., and  $800. , respe ct- 
ively.    The  former  will  be  reduced  to  $490., by  changes  which 
are  later  recommended,,  which  will  make  a  difference  in  the  two 
charges  of  $310., per  year.      It  is  hardly  possible     that  the 
present  building  could  be  leased  at  a  consideration  sufficient 

to  offset  this  charge;  and  as  later  recommendations  will  offset 
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several  of  the  disadvantages  of  this  building  as  now  used,  it  is 
here  recommended  that  the  present  building  be  retained  until  such 
time  as  the  growth  of  the  utility  demands  larger  quarters. 

In  Section  IV  it  was  shown  that  the  installation  of  two 
200  , Stirling  boilers  to  replace  the  three  now  in  service 

would  decrease  the  operating  expense  $1 254 •, annually ,  or  reduce 
the  cost  per  B.H.P., 0.102  cents,,  which  i3  a  reduction  of  15.4$. 
As  both  costs  include  all  operating  expenses  and  both  are  based 
on  the  same  evaporation,   it  is  self-evident  that  this  installa- 
tion should  be  made.  These  boilers  should  be  placed  across  the 
we3t  side  of  the  present  boiler-room,  with  the  furnaces  to  the 
east.  The  coal  platform  should  be  built  outside  as  suggested, .  and  ; 
the  cars  used  to  bring  the  coal  to  the  furnaces.  The  use  of  these 
cars  would  reduce  the  coal-passing  within  the  boiler-room  to  the 
actual  firing,,    which,,  with  the  greater  distance  to  the  genera- 
ting room,     would  minimize  the  resulting  dirt,,  and  in  this  way 
remove  the  charge  of  $100., that  had  been  placed  upon  the  build- 
ing as  damage  to  equipment* 

In  the  generating  room  a  comparison  has  been  made 
between  the  operation  of  the  present  equipment,,      and  the  sub- 
stitution of  a  direct  connected  generator  to  the  Lane  &  Bodl ey 
engine  for  the  present  belted  generator.-      The  present  and 
proposed  costs  were  shown  as  $8371., and  $8252.,,  respectively. 

These  figures , however,  will  be  reduced  an  amount  equal  to  15.4$ 
of  the  steam  costs,   in  both  cases,  by  the  installation    of  the 


boilers  as  recommended, ;  making  the  respective  totals    $7641 • , 
and  $7559., a  difference  of  $82., per  year  in  favor  of  the  proposed 
installation.  It  was  shown  that  the  steam  consumption    of  the 
Lane  &  Bodley  engine, when  operating  under  a  load  of  70  K.W.,  or 
more*  would  be  820  lbs  per  hour  less  with  the  direct  connected 
alternator  than  with  the  present  belted  alternator.  This  saving 
will  amount  to  $52., per  year  for  each  additional  hour  per  day 
operated  throughout  the  year. 

While  the  saving  of  $82., per  year  alone    would  not 
justify  this  change  in  the  installation,     the    fact     that  the 
economy  will  increase  with  each  additional  hour  per  day  that 
this  unit  is  operated,   together  with  the  more  satisfactory 
service  obtained  from  a  direct  connected  unit,,    would  recommend 
the  change • 

It  was  stated  that  the  switchboard  should  be  changed 
in  such  a  way  that  all  high  potential  wires  and  instruments 
would  be  removed  from  the  board.  This  would  add  an  annual  fixed 
cost  of  only  $20., and  the  increased  safety  to  operators  would 
recommend  the  change.     This,  added  to  the  annual  cost  of  oper- 
ating under  the  proposed  conditions,  makes  the  unit  cost  of 
power  1.3  cents  per  K.W.H. 

No  changes  were  suggested  in  connection    with  the 
constant  current  regulators,  and  the  total  charge  was  shown  to 
be  $977., per  year  under  present  conditions.  This , however,  would 
be  reduced  to  approximately  $850., by  the  reduction  in  the  unit 
cost  of  current. 

In  the  pump-room  it  was  shown  that  charges    must  be 
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made  in  order  to  meet  service  demands,  and  centrifugal  pumps  to 
replace  the  present  pressure  pumps  and  air    compressors  were 
suggested.     On  page  21,  Table  XI  gives  the  comparative  costs  of 
operating  the  pressure  pumps  as  $2516., and  $2320.,  under  present 
and  proposed  conditions,   respectively;  a  saving  of  $196* annually, 
by  the  installation  of  the  centrifugal  pumps.- As  the  installation 
included  one  high  pressure  centrifugal  for  fire  purposes,,  and  two 

low  prossure  for  domestic  uses,   (which  could  in  emergency  be 
operated  in  tandem  to  increase  the  supply  at  high  pressure),  the 
installation  would  be  as  elastic  as  pumps  of  a  reciprocating 

type  would  be.     It  can  further  be  said  that  as  the  demand  upon 
thQ  plant  increases,  similar  units  could    be    added  from  time  to 

time  at  a  small  expense.- The  motor  driven  pumps  would  increase 

the  load  factor  and  improve  the  power  factoraup  on  the  electric 

department and  in  this  way  reduce  the  cost  per  K.W.H. 

The  foregoing  facts  would  recommend    the  installation 
of  the  centrifugals  as  suggested.      The  annual     cost    of  the 
centrifugals  would  be  reduced  to  approximately  §2200.,  by  the 
installation  of  the  higher  efficiency  boilers.  Tables  XII  and 
XIII  giVe  the  annual  operating  costs  of  the  air  compressors  and 
of  a  motor  driven  centrifugal  pump  to  replace  them,  at  $894., and 
$439.,  respectively •  The  saving  at  the  present  pumping  capacity 
would  be  $455., per  year,  and  as  the  centrifugal  would  be  capable 


(a)  There  are  at  this  time  a  number  of  induction  motors  oper- 
ating upon  the  line  of  this  property.- By  installing  motors  of 
the  synchronous  type,   the  inductive  effect  of  these  would  be 
counteracted, and  in  that  way  the  power  factor  would  bo  improved. 
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of  pumping  50/o  more  water  from  the  well*  this  pump  should  be 
installed.    The  installation  of  the  Stirling  boilers  would 
reduce  the  annual  costs  of  this  pump  to    about  $430* 

It  was  shown  that  a  reservoir  should  be  built,  and 

while  this  reservoir  will  add  a  fixed  charge  of  $132. , annually, 
it  will  form  a  portion  of  the  levee  ^ihiout  the  building,  and 
will  insure  a  sufficient  supply  of  available  water      for  the 
pressure  pumps  to  meet  any  demand  that  may  be  placed  upon  them. 
From  a  standpoint  of  service  the  reservoir  should  be  built. 

The  various  items    entering    the  foregoing  data  are 
summarized  in  Table  XV.    The  first  column  gives  these  items  as 

they  are  today;     the  second,  as  they  would  be  if  all  changes 

were  made  as  recommended;     the  third  shows  the  difference  in  the 

operating  costs  that  would  result  from  these  changes. 

'b) 

TABLE  XV .,v  ; 

Present.        Recommended.  Change. 

Service  $  3950.  $      3550.      $  400. 

Coal  4758.  3340. <c)'  1418. 

Tools  &c  650.  550.  100. 

Repairs  577.  500.  77. 

Interest  1929.  2228.  299 

Depreciation  1444.  1160.  284. 

Insurance  531 .  594.  65 » 

Totals  $13639.  $    11722.      $  1917. 


(a)  The  cost  of  the  levee,  $1200.,  was  based  upon  the  building 
of  this  reservoir  as  a  part  of  the  levee. 

(b)  Red  indicates  increased  expense. 

(c)  Calculated  from  data  in  Table  VIII,  allowance  having  been 

made  for  the  reduced  demand  for  steam  by  the  installation  of 
more  economical  steam  driven  units. 
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Table  XVI  compiles  the  data  in  Table  XV,   itemized  as 
discussed*     It  is  to  be  noted  that  the  total  operating  expense 
differs  In  Tables  XV  and  XVI.     In  the  latter  the  cost  of  steam 
has  been  included  under  the  item  "boilers"  and  again  under  each 
of  the  steam  consuming  units. 

(a) 
TABLE  XVI. 


Present. 

Recommended. 

Change. 

Site 

$ 

12. 

I  12. 

$  — 

Levoe 

96. 

96. 

Building 

590. 

490. 

100. 

Boilers 

7773. 

6478 . 

1295. 

Steam  electric 

8371. 

8252. 

119. 

Constant  current  regulators (b) 

77. 

77. 

Switchboard  (c) 

20. 

20 

Pressure  pumps 

2516. 

2320. 

196. 

Well  pumps 

894. 

439. 

455. 

Reservoir  (d) 

132. 

23Z . 

Total*,  $ 

20233. 

$  18316. 

#1917. 

Referring  to  Table  XV    it  will  be  seen  that  each 
of  the  operating  costs,  with  the  exception  of  interest  and  insur- 
ance, has  been  decreased.  The  total  increase  of  these  two  items 
is  less  than  1$  of  the  investment  involved;  and  were  it  possible 

to  issue  refunding  bonds  bee.ring  the  customary  4$  rate,  or  even 
a  5$  rate,  this  increase  of  $362., could  be  absorbed.     There  is  a 

decrease  of  $400., for  service,  and  while  it  cannot  be  recommended 
that  fewer  men  be  employed,  that  portion  of  one  man* 3  time  rep- 
resented by  the  $400., could  be  utilized  in  connection    with  the 

distribution  system.     The  item  "coal"  shows  a  reduction  of 

(a)  Red  indicates  increased  expense. 

(b)  First  cost  included  in  cost  of  steam  electric 

(c)  Cost  of  power  included  in  steam  electric. 

(d)  First  cost  included  in  building. 
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$1418.     In  tools  and  miscellaneous  supplies,  $100.     In  repairs,, 
$77*, and  in  depreciation  $284., making  a  net  saving  of  $1917., 
annually*     As  all  of  the  operatirg  costs  are  based    upon  both 
the  costs  of  the  present  equipment  less  its  sale  value,  and  the 
costs  of  the  proposed  changes,  this  net  saving  of  $1917*, would 
be  a  net  earning*     In  Table  XVI  it  is  shown  that  $96.,,  is  to  be 
charged  to  the  levee*      This  may  properly  be  considered  as  an 
insurance  charge,,    insuring  the  property  against  damage  from 
floods*      The  levee  should  be  built  and  this  charge  created,: 
whether  or  not  the  other  changes  recommended  are  made*  A  credit 
of  $100*, is  shown  for  the  building,     which  should  more  properly 

be  credited  to  the  boiler  and  coal-platform  installation,  as 
the  charge  of  $100*, for  damage  to  equipment,  due  to  the  light 
cons  traction  of  the  building,  is  offset  by  the  changes  that  are 
recommended  in  the  boiler-room*     There  is  a  net  saving  of  $1295* 
in  the  boiler-room,  which  is  duo  to  the  installation  of  boilers 
of  such  a  size   that  they  may  be  operated  at  an  increased  load 

factor,  and  of  such  type  as  to  give  a  higher  evaporation  rate* 
In  the  steam  electric  costs     the  not  saving  is  only 

$11 9*, but  this  amount  would  be  increased  by  any  increase  in  the 
output  of  the  station  which  would  require  the  operation    of  the 

Lane  &  Bodley  unit  a  greater  number  of  hours  per  day*- 

The  increased  charge  of  $20., on  the  switchboard  would 
be  comparable  to  a  liability  insurance  premium,  as  it  removes 

an  existing  hazard* 

The  economies  shown  in  the  pumps,  of  $196*-, and  $455*, 

justify  the  installation,  even  though  it  were  not  necessary  to 

make  these  changes  from  a  standpoint  of  service* 
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Although  there  is  no  indication  that  the  growth  of  the 
output  of  this  plant  will  be  such  as  to  demand  the  installation 
of  additional  equipment  in  the  near  future,,    the  changes  that 
are  recommended  in  this  paper  will  allow  sufficient  room  in  the 

present  building  for  the  installation  of  a  third  boiler,  a  third 
generating  unit  and  an  additional  pump,,  at  a    small  expense. 

The  net  saving  of  $1917 annually,,  (which  may  in  this 
case  be  even  considered  as  increased  by  the  amount  charged 
against  the  levee,   the  switchboard  and  the  reservoir,   i.e. ,$248.) 
would  justify  the  city  in  issuing  bonds  even  at  the  high  rate  of 
6$  and  making  the  changes  at  this  time.    This  saving  further 
shows  that  the  installation  of  the  larger  boilers,   the  direct 
connected  generator  and  the  centrifugal  pumps  would  have  been 
advisable  in  the  first  place;     and  that  it  would  bo  economy  for 
the  smaller  municipal  properties,   of  whicll  class  this  plant  is 
typical,  to  secure  the  services  of  a  competent  engineer  to 
carefully  consider  type  and  capacity  when  equipment  is  to  be 
selected  either  for  extensions  or  for  a  new  property. 


